A new approach for the detection and enumeration of Streptococcus macedonicus in cheese was developed. The method which is based on a first screening of cheeses by a PCR assay specific for S. macedonicus followed by plating positive samples on a differential medium (SM medium) was applied to 51 samples derived from PDO and traditional Italian cheeses. Streptococcus macedonicus was found in 16 of the 51 samples examined in the present work. With the exclusion of an Asiago cheese sample in which very high numbers of S. macedonicus (7.13 log CFU g À1 ) were
Introduction
Streptococcus macedonicus are gram-positive lactic acid bacteria (LAB) which were first isolated from naturally fermented Greek Kasseri cheese (Tsakalidou et al., 1998) and more recently from other European cheeses (Callon et al., 2004; Lombardi et al., 2004; Poznanski et al., 2004) . The exact role of S. macedonicus in the cheese making and ripening processes has still to be elucidated. Georgalaki et al. (2000) in a study on the biochemical properties of 32 S. macedonicus strains isolated from Kasseri cheese, concluded that, due to their low acidifying and proteolytic activities, S. macedonicus strains could hardly be used as primary starters in cheese manufacture. However, they also suggested a possible role of S. macedonicus as adjunct starter as some strains possess dairy grade characteristics such as ability to hydrolyse milk fat and peptidolytic activity. The potential of S. macedonicus as adjunct starter was also suggested by Lombardi et al. (2004) who reported a wide phenotypic and genotypic heterogeneity within this species with strains showing peptidolytic activity (mainly arginil-aminopeptidase) as well as ability to produce inhibitory compounds. Other interesting properties of this species are the ability to produce exopolysaccharides (Vincent et al., 2001) and bacteriocins active against food spoilage and pathogenic microorganisms (Georgalaki et al., 2002) .
In order to better understand the role of S. macedonicus in cheese making, it is important to obtain information about the relative abundance of this species within the complex population of LAB typical of the cheeses from which S. macedonicus can be isolated. So far working media for the selective or differential enumeration of S. macedonicus are not available and this microorganism has been mainly isolated from the M17 medium currently used for the enumeration and isolation of other dairy streptococci such as Streptococcus thermophilus. In this medium the growth of S. thermophilus, which is the main component of the microbial communities of many cheeses, as well as the growth of enterococci and other LAB commonly associated with dairy products do not allow the direct count of S. macedonicus. The aim of this study was to acquire data on the quantitative presence of S. macedonicus in different Italian Protected Designation of Origin (PDO) or traditional cheeses. In order to achieve this aim, a medium for the differential enumeration of S. macedonicus in cheese samples was developed.
Materials and methods

Streptococcus macedonicus medium
The S. macedonicus medium developed in the present study (SM medium) Bacterial strains used to evaluate SM medium A total of 56 strains were used to evaluate the SM medium developed in the present study. Strains included the type and reference strains of LAB associated with dairy products (Table 1a) , as well as strains collected from several types of cheeses (Table 1b) and previously identified and characterized by species-specific and random amplified polymorphic DNA (RAPD)-PCR assays (Lombardi et al., 2004) . All strains were streaked on the SM medium and were incubated at 44 1C under anaerobic conditions for 48 h.
Identification of S. macedonicus by speciesspecific PCR
The S. macedonicus species-specific PCR assay reported by Lombardi et al. (2004) was used for the confirmation of S. macedonicus colonies isolated from SM medium as well as for the direct detection of this microorganism in cheese samples. In the colony-confirmation PCR, a single colony was picked from SM medium and added to 100 mL of TE buffer (10 mM Tris, 1 mM EDTA, pH 7.4). The suspension was vortexed and 1 mL was used as template for the PCR 
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Montasio À À amplification. For the PCR detection of S. macedonicus directly in cheese, the following method for the extraction and purification of bacterial DNA from the cheese matrix was developed. Cheese samples (5 g) were homogenized (Stomacher 400, Seward) in 45 mL of T 10 E 100 buffer (10 mM Tris, 100 mM EDTA, pH 8.0) preheated at 50 1C for 2 min. Two milliliters of the suspension were then centrifuged. The pellet was resuspended in 2 mL of T 10 E 100 buffer and then washed twice by centrifugation in the same buffer. After resuspension in 750 mL of Lysis Buffer (50 mM Tris, 20 mM EDTA pH 8.0, 3.3% SDS), it was incubated for 30 min at 65 1C in agitation at 700 r.p.m. (Thermomixer Comford, Eppendorf), boiled at 100 1C for 10 min, cooled for 20 s in ice, added with 275 mL potassium acetate 5 M and then left for 30 min in ice. After centrifuging at 16 000 g for 5 min, 750 mL of the supernatant were added to 750 mL of isopropanol, centrifuged for 5 min at 16 000 g, washed twice with 900 mL of ethanol 70% (v/v), and finally resuspended in 50 mL of TE buffer. Recovery of amplifiable bacterial DNA from the cheese samples was confirmed by amplification of the V3 region of 16S rRNA gene as described by Muyzer et al. (1993) .
Determination of bacterial count in cheese
Cheese samples (10 g) were homogenized in 90 mL of T 10 E 100 buffer. Decimal dilutions were prepared in Ringer solution and plated on appropriate media. The following media were used: SM medium for the differential count of S. macedonicus, incubated anaerobically at 44 1C for 48 h, and M17 medium (Biolife) for the total count of streptococci incubated at 37 1C for 48 h in aerobic conditions. In order to confirm the ability of SM medium to differentiate S. macedonicus, a number of colonies equal to the square root of the total number of the presumptive S. macedonicus colonies were randomly selected and submitted to the species-specific S. macedonicus PCR assay.
Results and discussion
To facilitate the quantitative detection of S. macedonicus from cheese samples, a differential plating medium was developed. The proposed new medium (SM medium) is based on raffinose fermentation by S. macedonicus, which leads to the formation of yellow haloes around the colonies due to the response of the bromocresol purple indicator to the pH decrease. As summarized in Table 1a , the SM medium incubated at 44 1C does not support the growth of many mesophilic and thermophilic LAB commonly associated with dairy products while it allows the growth of Lactobacillus rhamnosus and of most of the enterococcal strains tested which, however, do not show the characteristic colour change around the colonies. A positive growth associated with the typical S. macedonicus yellow halo around the colony was observed for Streptococcus gallolyticus, Streptococcus lutetiensis, Streptococcus infantarius and Streptococcus bovis. These species as well as S. macedonicus are all included into the S. bovis/Streptococcus equinus bacterial complex (Schlegel et al., 2003) . All the S. macedonicus strains tested showed the typical colonies in SM medium, except strain RALC18 which did not growth and strains VTM93 and 96F, which grew but did not produce enough acidity for the yellow halo formation around the colony (Table 1b) . These three strains, when plated in SM medium without glycerolphosphate, grew and acidified the medium. The presence of glycerolphosphate in the medium (acting as pH-buffer) does not probably allow the growth or colour changing of low-rate raffinose acidifying S. macedonicus strains. Nevertheless, more than 85% of S. macedonicus strains tested grew in SM medium displaying the typical colony morphology, confirming the suitability of the medium. The SM medium was used for the quantitative determination of S. macedonicus in different types of heat-treated or raw milk cheeses, bought from different retailers. Before proceeding to the microbial examination, the cheese samples were submitted to PCR analysis using a PCR assay specific for the detection of S. macedonicus. For this purpose, the DNA directly extracted from the cheese samples was used as template in the PCR analysis. The detection limit of the PCR assay was also determined by inoculating 10-fold serial dilutions of a pure culture of S. macedonicus LMG 15061 in cheese. A clear band corresponding to the 1434 bp amplicon specific for S. macedonicus was found at dilutions corresponding to concentrations down to 10 3 CFU g À1 (Fig. 1) . As reported in Table 2 , 35 out of the 51 cheeses tested in the present study were negative to the PCR assay specific for S. macedonicus. The 16 PCR-positive cheeses, which included cheeses obtained from raw milk as well as from heat treated milk, were plated on SM and M17 media. The presumptive counts of S. macedonicus were confirmed by PCR analysis as described in Materials and methods in order to exclude the presence of strains belonging to the S. bovis/S. equinus complex which can be present in cheeses and grow and acidify the SM medium (Table 1a) . One hundred and sixteen of the 147 tested colonies collected from SM medium were assigned to the species S. macedonicus (data not shown). Results of microbial counts taking into account the correction derived from PCR analysis are reported in Table 3 . With the exclusion of the Asiago cheese sample Pr19, in which very high numbers of S. macedonicus (7.13 log CFU g À1 ) were found, the counts of S. macedonicus in SM medium ranged from 2.48 to 4.70 log CFU g À1 . In the same cheeses, total streptococci enumerated onto M17 agar, were found at higher concentrations with values up to 7.88 log CFU g À1 (Table 3) . It is interesting to note that RAPD-PCR analysis of S. macedonicus colonies collected from SM medium showed the presence of different strains of S. macedonicus within the same cheese sample (data not shown). However, our results suggests that, though S. macedonicus may be recovered from different types of cheeses, it does not represent the dominant species of the cheeses considered in the present work. As most of our cheeses were collected at the end of the ripening period, it should be interesting to evaluate the relative abundance of S. macedonicus during different production and ripening steps including milk and curd. The system here developed based on the use of the SM medium followed by a PCR confirmation of the presumptive colonies seems particularly useful for the differential count of S. macedonicus in cheese; indeed, SM medium, differently from M17 medium, which is currently used for the isolation of S. macedonicus, does not support the growth of S. thermophilus and allows the differentiation of enterococci. Both these microorganisms may be present in cheeses and as they normally grow in M17 medium they may hide the growth of S. macedonicus. Ã A number of colonies equal to the square root of the total number of the presumptive S. macedonicus colonies were randomly selected and submitted to the species-specific S. macedonicus PCR assay. The correction takes into account the number of colonies resulted positive to the PCR assay. ND, not determined.
